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The—ob} ec“tw of-Project—23.2-was—t0 mmasure J.nitiel- and residunl-gacma
ratas:as a functlon of time at various disténces from high-yleld thormo=

nusd a-v- dastonstinne,

Initlal-gazaa rate versus tlms vas peasured at fixod distancea {rom
ground 23ro. In particular, msasuresnts were made of the effact on
initiel-ga=ra rate caused by the passsge of ths chock frunt from ground
zoro through the detector station. H

Rasidual-ganna rate versus tl-e was measured to provide gamza=
rediation tims-intensity data, which glve iaformation both cn fallout
rate of arrival end gewsa-trisld-decay rate durlng the 36~hour period
after the detoiatica. :

Seintillation dotecvors wsre usad in maling reconrecants. The in-
strumant stations were self-contained~-~the only outside fazilities re-
quired wevw timiug slgaala to turn on the stations at a pmde termined
tiwe prior to tho detooation.

Data ovbtuined indicats that the w»xparding fireball aid the passaye
of the shock front from grourd zexo through the detectar staiion had &
marksd offoct on the initial-gezza rats-=-hsnge on thn lntezre™sd o=
sure. The initial-gamza rate roacted its {irst peak 1m’13&iataly gff.er

tls dstopatlon, decreassd «iowly, begcn to riss slowly, srd thon incressed

repidly to a cogond peek {which was about tho sume volua as iha first ‘
pesk). After reeching the szcond-peak valua, tho initial-garina rate de=
creazad rapidly to cexo.

The ulow d2croase 3"}'\1*1&1-,5“*3 rats was attributad Yo tho matu-
r».l doeay of the rission products) the slow riza, to tle sxprxding of the

rehall and epproezh of tis shoek freal; ocad the ropid ineroese, to tha
p:.b::aa cf ths sheek frent \%‘u'r‘wh the dut ctor ttation. Thone effects
wary alse evidenced in the 1n.uar~ 2d expoaure hath prior ard sulizgusat
to the orrival of the ahsck ront. Tha awrege velosity of the shock
froad wva3 found %o deorcasns rapidly vith dlztence frua "*"mr.d £3¥0.

Tha decay exvoncnt froa the razidued centandasgiion end £dlout vaess
led with distnce crd diriction frem grounl 29, wrd fts LLooluto valvie
Ircreasad ratheyr abruntily cevaral hours eftcr ha datennticn. Tuls
ubrupt irncreosa 13 adtriinto™la ta it procsnee of zhori~idved irctojes
in the residusl contendnation ard Lo)lout.

The moacgurestpis woda by Toolset 2.2 of init ‘.«.l“‘

—~a e A1 ‘lqn N e

e 8 maad T et <o

posures froa theivsnuelest ¢ivic s of high ylold e ia _:':.j
With data {rom "I uuuuc." Diddatian jamdtonl,® 40P 000, {Chierinee

9) (aca Flous 4.1).

It erprers tial the Anlifal-zov=a reifotlon 1a of nagllsthle elonid-
leante, toeanry blash end fiesoal wil2a0a in the s= 9 dliforla TaNA A2
£0 grest by comnarinen that cuvrvivel vouldd R po-iitls only AL porsennal

wars disposed inslide blast~ a2d thesod-proof tunkaera.
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This rwport 13 ore of the rwports prvicniing iln resulis of the 34 projects
particlpaling in the Hilitary Sffoei3 Tosla Piogiun of Qimreation Cagtly,
wideh inclulad oix tast datonailons. For mwmadsTs nlarsalad in ails
pertinent tast informailion, refursacs is mals o U934, HSiaaacy Raport
of tha Corsmander, Task Unit 13, 2rograza 19,0 jilldxery Bf7octs Prosran.
This suzaary meport Insludas the following Indermation of posaizla genarval
Intorssd: (1) an overull Ceseriptlicon of eashk delcnation, inrinlizy yWold, : d .
height of burst, groum! zavo locatlan, tims of datenallen, asvisnt almoa~ -
vheric conditious at datonailion, sic., for ths six otousg {2} diseuszion o -
of all projact Tesulis; (3) a sumuary of ssch rrojuct, ifnaludirg objuciives ' :
and results; (4) a coaplete llating of all roporis eovaring tim Hililxxy

Effects Tosis Prograa. )
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Thia swport 13 ons of the wporis prsivniing iha recults of tho 34 projects
participating in the Milfiacy Affects Tusta Pivgiud of Cporation Cuotle,
wideh inclulzrd oilx test coienations. Iar midsTa Intoraalad ia otlor
psrtinent tast Inforzatles, reforsncs is maldo 12 U534, "Si:.ary Daport
of thy Corunnier, Ta-k Unit 13, frograss 1-92,® JMlilery Effects Progrem.
This suncury mpoct inzludss tha followlug Iaferzition of possiila general
Intavests (1) sn overadl dacoviption of €anh doionation, ficluiiss yloldd,
Poicht of huvat, groursd caxo logatliea, timy of catennilon, anvlsnd alroase
piurie conditlons at datonallon, etcs, for tha six chouss {2) alszuczion
of all projsct resuliay (3) & sveusry of suzh projuet, Insludisg obj.ctives
end cosultsy (4) a conplete listing of all seports aovoring tim Alitary
Effects Tests Program.
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Chapter |
INTRODUCTION

1.1 OBJECLIVES

The objectives of Project 2.2 wers to maastve initlisl- and residual-
gaxta vates 48 & function of tire at varicus distaucss froa high-yleld
thasucuuclear d2tonatvions.

Pclor %o Castla, liitle data had baen obtained on tra ef{fect of the
gpock front from higimyleld therascnuclaar Gavicsas cn gamra I
eaponurg. frojeoet 2.2 wWas dosisied 1o muka sccurale debsimin
gana rates and expocuies to ta expectcd at vacious tizzs end distauces
€rom high=yiald thsrzcnuclear dovicas. Corparisens with data obieiced
from gnallar—yleld daviess auy lend o extropolation faztsrs thab would

crlt nmoTe~aceurate praiictiens of radlatlon lsvals ard doscge over &
wida renge of yizlds.

~

Tutelal puuas vato verwuns Liies wWod dotormingd ab verlous fixcd die-
trnnes fren ground 2aro; purticuterly, thd offeot on dnitiol

cizad by tho procige of ke shock front from ground =
datector =tation,

Z.gtdurlegiaza rate versus ticd wesd mrasired to provides LaiTaT
rediction tioa-intensity dzta, which give irforostion hoth oa faliout
W35 of werlval ard genamileldmiocay rale Zuring thy JA-tour puried
ftar tim datonatlon.
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of the sbsorption medivm, and produced a consaquent change in tha shape of
the gazaa-rate-versus-time curves during this pariod.

1.3 THEORY

Tho gamma radiation omittsd from a nuclear datonation may te divided
into two vortions; initial and residual redlaticn. The residual gortion
nay includa rsdlation both from fallout and froa nsutrea-irduced activity.

1.3.1 Initinl-Grrza Rediation, For devices with yinlds of lass tkan
100 ki, In which tra yumc.,'r._..dc eifact 18 &2ll, the Initl-l rrdiations
arw divided approximately as showa in Talle 1.1 (from Jufervuca 4). The

TASR 1.1 FheloY PactITICH SCHG DNITIAL 7 'SIAZIDNS FOR
FISSICH-TYPR (RVIGS

Froa Refersncs 4

Fachanisa Perzant of Totad Total Doergy
Fiosloa Savrgy g Yizsloa
ray
Frospt N 40 8
Pro .4 G 40 8
Maxlea iy 2.7 5.4
!hnlon 1 2.7 5.4
Flzsiom Pr.lug 5.5 1
r,-z)ti Aewliong 28 § 0.2

*ioatly sberked Ln toe davios

utions to initlal-ganca radletica are foom iks f*a sien-product

w tha eeaa redlabloo foon nowtron coptum by W% (ny) In

aivs CO""‘".'T);'J o ’n al ’Z":n prensh £0AS I3 1~-~'~TJ

\l i.l t‘“) (’ VJ.\u 4o’ ",lf s AV 0 J”Lt\.l"j r‘"ﬂ.‘.-“‘v 29 Gu s«a
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induced activity. The decay rate of the residual radiation from fallout
will follow upproximately Lhe expression:

-1.2
. {t iz llt
and

ty
- - r G - R TR
I J At [td oLy (g 7 ) (L.1)

Where: It = exposure rate at time t

Iy = exposure raie at unit time

t = time

r = ecxposure between times t) and t,, where
t;y = 10 seconds

It 13 expoctad that tha decay of tha -asidurl radiation will vary wit
weupcn deelga.  For 8.\&’:,4.0, ths prosonse of Np** would t2ud to decrease
tho ehsoluts value of ks dscay exporant for a period of tims.

1.3.3 tbsorption in Alr. The alsorption of uncealtered gurua redia-
tion in horogiasous oic 12 crponential with dicfanco. From a point suurce
of :now'rr-at.ic radlaticn, the vorietion of inteneity with dintrvca is
expressad 883

© _ 1y exp(-1D) .
ID = S (1. 2)

Vaere: ID = intcnsity at distance D
I, = source intensity
K

= tof'nl Lireir ahe
ceotiieiont ': 14

Inaros ‘{“.t carsm rq-rn/)

D = distinze

ey

T rosorsttag o TR0 R R T & WA R I
Lon g0 IERLES A e Viikaps vrem
Hha dotron e AREAER R A S N R

- Ea A S RN BT PR TR A X 4oL
851571 trat WUl by datoctad. Lo Lz

s e
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arnd distances have been calculated (Reference 5), and some values are
shown in Table 1.2. For omnidirectional detectors, the expression is3

ID - LB exp(-uD) (1.3)
Arp?

l.} -4 _Hydrodynamic E Effect. As shown in Section l 3.3, tha atienua=
tion of gar=a raiiation Is highly dependent on the amount of absorber
tetween the source snd tre dstector. For davicos of less than 100-kt

10! <
\
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B N\
N\
AN
AN
10 h
N
2 \\ Fission Products
> L. N o3 Gaptura 16 Fisiion Ratio = 0.8
2
N
§ ~
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- ~
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Distenca From GZ, 10 yords

Pijere 1.1 Cerza exposure varmig dlctacen for A =%t qusls
teakden frea flasl-n-proau

xh 1ivetration ahova Lhs eonily
Bl
and 4 (n,‘y).
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6). The higher the yleld, the largsr i{s this percentage. A simplified
treatment of tre hydrcdynanic effect follows. :

Assuming a sphare of volume Vg, radius R, and filled with a gas of
density p, and mass M, then

4:R?
= Vepy -——Jap (1.4)

Lat the gas ba cospressed into a shell with thickness AR (R remain-
ing constant) Tte new g£as volums i3 expressed as Vi vith & density of
pe (Vi = 4r R? &R). The mass has not changed; thus .

3

M = Ve, = 47R? ARp, (AR << R)
4rRY | 2 ’
—-5-’ = 4xR ARp‘ (1.5)
. R
ARpy = =2 ' (1.6)

Equation 1.6 irdicates that a ray originating in the center of the
sphere would traverse only a third as auch of the mass in the shell model
TABLE 2.2 CALCILATZD EUILO-UP FACTCRS
Tio build=vp faztor (2) glven t2ro is the factor B, (1,0, &)

as compitsd by the kuciaar fowlopesnat Assoclatas for AFSWP
(faferenca 5).

erargy 2) Bu4-up Frator, 8
1,000 yarda 1,570 yaols )00 yArds

oy

Y 16.2 29.) ~33

) 3.8% 5.33 10.2

& 297 440 1.0

10 1.0 2.01 2.50
es it would in the bhomogsenuvous mod2l. Tr2 rosult wauld bte an enhreanomant
of radiation. Once t.be """ )l of Lo ':rirﬂ, n tho shock front punsns the
datactor, &n oven=greetor 0"‘*. ~,:l 2and eheuld resultb,

As provicusly e‘.:‘md, tia 1 {a,v) cossoaunt of initiel rodiation is
esrantially cnitted within 0.2 cocond., Cinca A tekos at lecct opy n2e-
ord for the choek foont to rcaeh o. dnt‘,cn et o dictonzs of 7,000 feat
{oven for duvlars in tha order of 5 1), t'n T (7)) eerc w;rt i3 not
sk ﬂnic'.':\ily cvharsed. Tha L aiur-;;r*’ et (_;.'*",.m:s coxn ti:vn to coatribats
during thy Sirsy 30 sceordsy thovaforn, this ralistion 13 stierly enhunced
by the shock wWave.

p&
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Chapter 2
PROCEDURE

2.1 IKSTRUMENTATICH

A low-gensitivity system was usad for miesuring high-initial- and
high-residual-ga=:a radiation rates. For raasuring lower residual-gamma
redlation ratos from fallout, the inastrusentation was of high sensitivity.
(Ses Appendix for circuit theory of the instrumentation,)

2.1.1 Low-Sensitivity System. The detecting element was a stilbene
crystal mounted in & grapniie Ciuck for elactron equilibrium. This crys=
tal essenbly was installed inside a hlast-resistant houslng at the top of
a light pipe. The crystsl cutput passed through the light pipe end vas
detected by & 1P protomultiplier tube. This tube was used in a 100~
percent fced-beck circuit, vhich reld the anode current nearly conatant
(regardless of the incident light) by reducing tie photomultipller-tube
dynode voltsge. The galn of the tube was approximately a direct function
of the antilog of the dynode volisge. In thils mainer, a useful dynamic
range of eboul 10 vas realized.

Twy diftersnt 1ecording systaoms wero usad to take edvantsge of the
wida glynamtc rangs of tha instrurant., Initial-gemma retes from 10° r/hr
to 10’ r/hr wore rocoxxied by & high-spoad recorder, whish was capable of
resolving to U.0L s2cond with & recordirg tims to 20 minutes. 7This re-
corder, manufectured by the Sanborn Cewnany, Cawbridge, lassachusetts,
uced heat~ssnsitive psper and & hot~wire stylus. It was found to be wsll-
suitzd to recording wader the advarsa conditiona encountorad during ru~
celear testa, aince it was virtunlly fres of the troubles that may arise
with ink and photogrephic recorders. '

Initial-gesma rates £rom 0.20 1/hr to 10¢ r/ar with low resolution
over a long-timz pericd wore recorded by a Bristol recording millivolt-
meter. This recorder vesd swoked paper, hod a running tiz2 of about 24
hours, aud a tizs rosoluticn that was proportional to tho rvaning tire
(1 rinuto at tha start erd 5 mlnuites at the end of R4 hours).

A doudble station, consizting of two datectora, one with a lJou= wd
one with a high=mesalutien recording system, caovered the rangs froa 0.2
r/hr to 10? r/hr and reescded uzeful deta frem 0.01 gecord to 24 hours.

2.).2 Uirh-S.onoisivity Ststem. The deteating olewent Wa3 en snthra=
gene orjsbal Fnunind 3n A irapiica block for electron eqniliteium end ate
tectod Lo tha window of a 5019 protomultiplier tuhe. This tube, like the
1021 menttonnd 4n Saction 2.1.1, wad ured in a 100-percont feci-back
circuit, and tre srcde current was keph virtually constant., It3 gain wes
approximately a direct function of ths antilog of the dynode voltage.
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Therefore, it was possible to plot thre incldent light, or yamna radiatlon,
as a function of tha dynode voltage.

All electronics were mounted inside a light-aluminum housing for pro-
tection from weather, thermal influences, end small blast pressures. The
output was recorded on a bristol recordiny millivoltuwster, which rucorded
gacra rates from 0.2 r/hr to 10Y x/rr for & pariod from 1 =inute to 24
rours.

For rield instellations, tre instrumentation systems described in
Sections 2.1.1 and 2.1.2 were mounted inside standarxd 55-gallon stoel

dru=zs imbedded in concrete. Figure 2.1 i3 a block dieggram of the datector
systams.

2.1.3 Special Detector System. A special detector system wes de-

———— s o o et et bt

signea-aﬁa‘constructed to determine the effects of high-garma rates and

DETECTOR HEAD

CRYSTAL
_TIMING SIGNALS
GROUND
' : LEVEL
CONTROL
. uNIT
L TLIGHT PIPE
e
POWER - EOROER
UNIT
PHGTO-
BULTI-
FLIER

Firure 2,1 Rlock dlnirem of a typlesl detzetor systen. Tho datacting
ale=ant 38 sither a stiltens or an entrrac:na ecrystal 2:peslirg on
. wiothor 16 13 purt of a low= or & high-gzazitivity cystonm.

cumulative exposuraa on the crystel detwcting elezont. Two lsw-consitivity
dubrctor hrads wore enployed: one dn normsl usere wid tha vecond covered

L

with A 5-inch=thick luyur ol lesd shod to atienuale Vb fuwe railation

ST

reaching the crystal by a factor of aiout 1090, Tha "noraal® head detected
15
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the incident gamma rate, whils the lead-covered one detected 1/100 of this
rote, arnd also received only 1/1C0 of the total exposure. -

To calibrate the station with the normal head, the first method was
used as described in Soctlon 2.2.1. This requirad the placezent of a .
density-four neutral filter between the erystal and thy photomultiplier :
tube of the normal station to increase the range %o 10® r/hr. The lead= -
coverad heed required only a density-two noutral rilter, inasauch as the
lsad coverirg s:rved to atlenuate the Incident gamma radiatlon by & fac=
tor of 100 {equivalent to a density-two filter).

If the two daleclor iwads track, the crystals are not being differ=
entially effected by gamma ratos end cuwmulative expasures. If tho cetece
tors da not track, it is an indication that there 1s a rats or cumiletive
aexposure dopendenca of tho .system or a significent changs in the spectral
quality of incident radlation. In the evant thet scintillation crystals
are shown to be nsither rate nor dossga dapandent, the assuzption mey be
mad2 that a nearly linesr extrapolation of low-intensity calitration can
be porformed. ’

2.2 CALIDRATION

2.2.1 Hirh-Intensity Calibration. Calibration for high rates was
baszd on the assuiption.that tha light output of the scintilletion erys-

tal is a linear function of the incident rediation at least up to 107 -
r/hto . :

Two taechnigques were used to calibrate the high-lavel instrurments.
1~ tha first method, tho datector head was calibrated froa 0.2 r/ir to -

104 r/br, using ¢n 88-curis Co¥ sourca. To exiznd ihe ranze of tbe in=
strumant to 107 r/hr, & density-four rautral filter was placed bctizen
tho crystal end the photomultiplier tubs.  Effectively, the system would
then moasure radiaiicn frem about 0.2 x 10* v/hr to ld; r/hr.

It was nocassary to put chielding eround the photomultiplier tube,
sinca it was sensitive to rediations The purpose of the sliciding vas
to skioczpt to attenuets thy incldent ganma rediotion on ths proteauliinlies
by tha cwme order of wmeznitude as the noutral density fllter mitsnuatas
the 1izht from tha crystel. (Thls was not possitle in tha field, ss the
szount of scotter radiation siriking the photer2ltiplier throuzh the
light pire pmeludnd an nttsnuation factor greatur thon 10%)

In the cocond hish-intensity callibration matdod, tie deiecstor hsad
was firat calibraled from 0.2 r/hr to 10° »/br usirg «n Ei-curia Co%
source. The crysial was then replaced by a liht zouses of Lhe su1»
spactral quality as tie stilbens crystel ontrite Iha ovtput of this
light source could la vorizd in Ynowvm Inerevontss A plob w13 wada of
this output versus £h3 rolative Inc!Taat lumteous fluxe The enlibdratinn
curva thus obteilnrsd waa then rowm~lized to ths curve obhalsed with ruxdia= -
tion and was found to trrek very cloroly up to iim meximua of 104 r/hr
(Figure 2.2). Eacsuss of tin soruament botuwnan the lighd ond the redia-
tion calibrations at tha lcw lovels, the llsht celibrstion was ursed a3 a ' .
baals for extrapolating ths vsdiation enlibration curvss up to 1 o/hr.

"

3
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TABIR 2.1 INSTRUMESTATION FOR KACH SHOT

Station 1slaod Rasrge {rom Description
Kunter Loostiza Zare
foal
Shod 2t
220.08 Oboe 83,%2 Single high-mnsitivity uait
220.10 Able [ Y91 ] Tw low=sensitivity ualts
PPN woariie T T liumssncialviny wals
Two lov-seaaliivity ualits vith
2.2 Dog Q3 or Lrtector tued shislded with b
220,1) Rasy 45,29 S{ngle high=mesitivity uats
220.14 Peter 82,643 Single bigh-mezsitivity unit
221,01 Willlam 61,N9 Single Righ~asceltivity unit
20.02 Yoke 54,460 Single lgh-sraitirity unit
221,03 Zsbrs 0,558 Single Righ=censitivity unid
221.04 Alfa 49,432 Sirgle higza-senaitivity unit
221.08 hravo 47,590 Single hlgh-musitivity unit
Spat 22
220.08 Oboe ~ 83,000 3ingls high-zansitivity unit
220.12 Dog ~4) 400 Singia Rish-awraitivity unié
220,14 Feter ~82,00 Stoods hlgu-eiaslilvity unib
- Shot 3
220.08 Oboe ’ 26,778 Cos lov= and ooa high=snsitivily unld
20.09 Roger 7. One low= cod o3 high-sensitivity undt
29.12 Dog 69,112 Single hlgh-sszel.ivity unit
220.04 foter 12,7 One low= a4 coa high-pensitivity unit
Shot & .
220.06 Tox 13,54 Ooa low= aud o high~scunsitivity unit
220,07 Ceorge 18459 Ces low= ard cio Migh=sensitivity unit
220.12 Dog 747 Ty Jowsuncsitivity unite
20.13 Raay 9,602 Coe hign-senaltivity uaiv
Stot 54
Nons
Shot 63 ‘
VUnnuatered Aios ~18,000 © fwo portatls high-seasilivity unite

2.2.2 lLow-Tntonzity Oalidbration, Thy low-lizal dsteciors for moas<

uring Tallout wems erdifratod dizosuly with e ES-eurilo G covrca.
2,2,3 Erozoy Do a1

8)’34’3 >3 ge.vo L"”‘“‘Jxl.'l..,g R il2ar FOroondd ovew t‘-J >

v o 5 lav. T postoparation l».)".;woy rac:w

anca.  Doth why anthroseng cod
]
L

X}
stilbora dotoator
w300 fron 100
r'\f.' »\ ("\‘(_h'ra-

e and stilbens dotoctors that was eriglonlly pl# d ao o3t by dord.

2.3 SHOT PARTICIPATION

Teble 2.1 summorizas the locatlon, range, and tyres of instruanta-

tion uaad In each of tha shotsge.

18
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TiRIE 30 G RADIATION D4TA
Swaticn Ty Dis‘anoe to Asimuth Gmxa Exposure Inwgreted Yaxrimm Oacay Kxpossat Ccamats
Ground Zare Rt x (K = B4t75)
Fior to Arrivel Subsscuest to Arriwal
of Sbock Front of Sbock Froct
feot deg nmin r Percont of r Parosrt of 2/br
1otegrated Integrated
Shot 13
*
2211 Migh intensd 7 8 24 9,900 hand -— — 9,90 &6x 10 -— Initial rediation
Charlie v 00 ? * mo.o se) reusived to time of
arrival of shock
trost. BResidual de=
) testor destroyeds
20,03 Zalloat ,%2 138 48 Land bl — - 13 M 0.81
Cbos (0.25 to Qw
20 hr) 18 &)
2022 Mot 1IN 92 28 —— Loand —— - 3,75 1,000 1.33
tog 0.25 to (S
2 hr) 10 »r)
2.1
(10 to
2% tr)
20t Nt
20.12  Fallout 63,112 [ 73 Eaand band — —- P13 24 1.28
Dog (0.3) to Qw
15 &) 12 tr)
Loot dog =in r Parosnt of r feroent of v/nr
Integrated integraled
8ot 48
2002 Mgk Intensity 740 $ M 2 (293 12,421 9346 13,263 7.2 x 10° R Initial redietion
Dog (0.02 w 1.3 w {002 to recsived i ootire~
1.3 sec) 20 sac) 20 seo) ty. Residual reo~
ords destroyed Wy
weter,
20400  High lateasity 154500 FT sy 10.5 1 0.6 B 91.1 $.2x u' Ll Initial redlatios
Fox {0.02 to (4.5 o (042 w rewired in entires .
4.3 s} 25 me) 25 me) ty. RAeeidual rec”
orde destivyed by
watar.
220,07 Fallout 15,57 o6 &7 -— - — - 1,27 (%4 1.39 Rasicusl radistion
CeoTys (e} (Nes) (2 w recorded. Initial
(€033 to 6 1z) o0 lov W record
10 br) .61 accurstely tut
(Tw Frolald y ou, the
10 tr) order of 10" r/hy.
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decay exporent x, in the expresslon I = I,t™%, was found to change from
about 1.35 during the period H + 3 to H + 10 hours to about 2.1 during the
next fourteen hours.

Fiure 3.2 shows that at Station 220.08, fallout started to build up
about 15 minutes after the detonation and reached a maximum rate of 34
r/hr. Tre integrated exposure was 133 = during tle first 24 hours. The
decay exponsnt was 0.8l for the period H + 1 to about H + 318 hours.

Bocausa of the unexpected high yield of Shot 1, the instrumgntation
smstainad sarious damage. Low-sansitivity Station 220.10 on Ahla waa
destroyad by blast. Fallout Stations 221.05 en Bravo, 221.04 on Alfa,

10?

- T T T
4 1
"10°
« =111 11T
2 I
2 : i :
X == . 3 »
2 oA il
w
o
[
2
]
2
167 -
10° ] l
0.0l LX) 1.0 10
TIME (SEC)

Figure 3.1 Initial=garzma rotls veriug time for St 1, Station 220,11
on Crarlis. This station wes 7,206 feot froa ground zaro.

221.03 on Zebrs, 221.02 en Yoke, &nd 221,01 on Yi114am either e struck

by missiles or inundated by water. Theee stations did not provids reli-
abls rocoxda.

3.1.2 Shot 2. Instruesnt stations et able gnd Chorlis w:ve dustroy=

od by £lzh G7orpsousures froa Stot 13 trarsfora, Shot 2 cowld rot be in=
strumented for close=in initial-gesma-rate Loasurecants. Fallout from
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Shot 2 was of such a low level compared to existing background that fall=
out stations on Obos, Dog, o3 Petar did not obtain good records.

3.1.3 Shot 3, No initial-gamma rats data were obtained because of
the urexpectsd low yisld of Shot 3. Fallout Station 220.12 on Dog pro-
vided a good record (sse Figure 3.3). Falioui started to tuild up atout
20 minutes after the detonation and reached a maximum of 24 r/hr. Inte~
gratod exposwe was 51 r in thw first 15 hours. The decay exponent was
1.28 for the period H+ 1 to H + 12 hours.

3.1.4 Shot 4. Figure 3.4 (Station 220.12 on Dog) shows that the
initial-gasna rate tirst dropped in nageituds, then insreasod slowly froa
0.4 to ebut 1.2 sacords, and than inersased relstively rupidly to a valus
of 7.2 x 108 r/rr, approximately ths soxs a3 the original rate et tims of
datonation. The slow incrugus appears to bs the combined result of tlw ox~
pension of the fireball and tha apprcach of the shock [ront toward the
dotoctor station. The ropid ingivasa was caused by the passage of the
shock {yont through the detector atation. a

Figure 3.5 (Station 220.06 on Fox) shows the sams phenomana as Fig-
ure 3.4. Tra expandivg fireball and tha spproach of the shock front cause
a slow iucreaza in tho sozza rate from 0.7 to 4.48 eeconds. Passage of
tha shock frent thiough the dotector station causss an abrupt ircrease to
about 4.5 x 10} r/hr, after 7 caconds. This peak is ebout the s as the
original rate at tims of detonsation.

The racord obtairsd froa Station 220.07 on Georgs shows en initial-
gasma spike zrd the arrival of the shock front 5.86 saconds later. How=
ever, the deflaction was too small to pexrult the readout of a time history
of the initial gazva. From Shot 4 data, t}e avarage volocitiss of the
shock Cront botwsen ground zaro and Dog, Fox, and George are couputed to
bs ebout 5,100, 3,000, end 2,600 ft/sec, respactively.

Faciduslegemua rata versus tira is plottod in Figuro 3.6 (Station
220,07 cn Coorge). Fallout reactzd a paak valus of 620 r/hr, and the re-
cordad oxposuve of the firat 10 hours aftar detonation was 1,237 r. Dure
ing the ;=xicd Ul + 2 to H ¢ 6 bours, i dogay exgosent vas 1.39, ard {on
H+ 7 to 4+ 10 hovra it was 1.6,

Tusss Siguras rapresant ik data en ready po correctlon for uir den
sity hoa boen wada. Tho xelailve air dernsity for tha Castle eveats is 0.9.

3.2 DATA CORBELATION

3.2.1 Irtacratad Sxoosure Pate Yhvoua Total Pxvosven, The desigos
obtair-d oy Intogroting s cusead or )

PRy

TGO JeR Cid 3.0 nave bren coam
pamd to Cosace meaquresanil mada by the Matleonal Bumasu of Standsxds
(:38) tyre photezraphie dersiratars on Pioject 2.1 at o comd sistlon
logationa (faferenco 8). 7The r2cults cro suzsrleed in Table 3.2, Boe
causa tho groca ralss obtalnsd aro valld at a efficlent nuider of msdiume
distanes stations viers wizsavra did nobt axecend 10‘1', it pey b ssmumd
that thy results are also valld at close~in siations wharo the total ex~
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posure was less than 10°r. This assuuption is bassd on data showing that
the response of scinti.llation—tizpe crystals is not adversely affected by
total oxposures of lass than 10°r (Reference 7).

3.2.2 Special Dotector System. The <data from Station 220.11 on
Charlie, Shot I, chowed that the two hesads did not track. This was at=
tributed to ths preseace of scattered radiation that entered the shield-

TASIR 3.2 G RASIATION OCSAcE

Comparison of dosags measirvasnts eads .with NES typs platographis
dosinetors on kroject 2.1 and dodigd mRasuremntla Al sam Tanges
zades by scintillatica datactors ua Froject 2.2.

Distancs to Prolsct Station Doee ) Time
Ground Zero
et r -
Skat 13
83,762 2.1 2A0.2) 120 ¥+ 82
2.2 LUW08 133 He 0
42,372 2.1 210.12 6,000 He M
2.2 210.12 3,735 e 20
Shot 43 .
15,59 2.2 210.21 2,063 He 104
2.2 220.07 1,237 Kel0

od area through the light pipe. The sensitivity of the photomultiplier
tute to radiation required tre precsonce of shislding to eitenuate the
radlation in the sams ordsr of masnitude as tha rneuilral-density filter.
Whon it proved impractical to incresce the shielding, the usze of neutrel-
density filters to increase the datectort's uprer limit was sbarndoned for
rezaining shota.
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Chopter 4
CONCLUSIONS

The following ccnelusions wers reachsd, based on the empirical results
of Project 2.2, and on collateral data obtalned from other Castle proj-
ects:

The passage of the shock front from ground zero to and through the
detactor station bhas a merked effect on the initial-ganmmsa redistion rate
for high-yleld weapons. The percentage of totel-initial-garma-rszdiation
exposure recelved prior and subsaquant to the errival of the shock front
was found to te a functlon of the distances from ground zsro.

Initial~garza radiation is of nezligible significance since blest
and trarmel offcets in the semd range of distances ars so great that
survival weuld be possible only if personnel were dispoced insids blast-
snd thermal-proof bunkers.

The rate of decay of the residual field rsdiation {rom fallout was
found to vary with distance and dirsction from ground zero. Tle rate of
dscay increasis rather abruptly soveral hours after tha detonation. This
may be attributed to the pressnce of stort-lived isotepes in ths residual
contanination and to Iractlonalization of fallout materials.

Figure 4.1 indicates that Project 2.2 msasurvments of initial-gemma
radiation exposures from thermonucleer devices of high yleld are in good
agrecT2nt with data from "The Nuclear Radiatlion Handbook,™ AFSWP 1100.
It sheuld be noted, however, that the Castls Project 2.2 data was oas of

ths sources used in ile preparation of the prediction curves of that hand-
bocke.
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Chapter 3
RESULTS and DISCUSSION

3.1 CEHERAL

Figures 3.1 to 3.6 are plots of gamza rate versus tims at various
distances from ground zoaro.

Exocination of tha figures cakes apparent the effect of the shock=
front passzge tetween ground zaro and the delector station during the
initial~gazza radiestion. Aftar ths passage of tha shock front, the Initiai-
gaana rate rosa alwost to the sam valus as 1t was at the time of detona-
tion.

Takle 3.1 sumuarlzes the gezma-rsdiation data for the staliono usad
during Shots 1, 3, and 4. The extensive instrumntation originally planmed
was not follow:d bacausa of ti® urexpacted loas of most of tha equipment
gtored on Tauw during Shot 1, Out of a totsd of 39 low and 5 high~
censitivity instrurents, only seven of the former and two of the latter
were salvaged for succccding shots.

3.1.1 Shot 1, Filgure 3.1 shows initial-gamua rate versus tima for
Station 230.117on Charlie. The increass in rate from 0.35 to 0.9 second
ung appvently caused by the cxpanding fireball and the appreach of tha
asheck front tovard the detector station. The shock front arrived at the
dotoctor station at 0.9 cecond. Tha eversps velocity of tla shock front
batizan ground zaro end tlre detector station was computed to btz about
8,000 ft/cac, Mo further data wore obtsined tecause the station vas do-=
stroyed by missiles at that time.

Thw special detector systsa at Station 220.11 on Charlis was dsalgned
to datemmine the rele or cumilative exposwe dependenca of the crystal
dotscting elanmnts, as well as to m2acure the initial-gamma rete. Racords
obtalisd showz2d that ths two detsctor hesds did rnot treck. liowevar, it
vap datervnmined that this vas ot Cue %0 a rate cr doavze dogeudines of e
crystals, but rathapr to escatlored gasma rsdiatlon enterlag throuszh the
licht pipe crd striking tha plotorultipller tube In tie station wilhout a
snizld arsund iko dstoctor hoad. Since a dencdty~fowr nuoulrol filiar was
plazad Yotizen tiw erystals ond tho photoiadtiplier tubs 10 inersany tha
range to 1¢° /T, tin effoct of thy scabtored rediatlon sntaving throush
tra light pilre voa to rultiply tha dirvet effect of ga~na rediviion on i
photesldtiplior by ravars) axdors of rrunituda. Bacaum cof this, i
record wont of f coado 1z-sdlalely end sove no truw Irdicatlea of ths foa
ra¥a.  Tin statlon with tha £hleld:d dotnelor heod rrovided a good rrourd,
beczusa tha load cifoldlar oflectively attenucted the ga:ia wediailoa that
reacind tie prototulm by a foctor of 100.

Flzure 3.2 plobs roziinsl-gar.a rata varsus tlze for Stations 209.12
and 220.03. Ty groph shows thet at Station 220,12, fellont sturisd to
tuild up 15 ninntes after the datonstion znd reactzd a moxliraa rats of 10?
r/he. 1he integratod expowurs for im first 24 hours waas 3,735 re Tha
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Appendix
THEORY COF INSTRUMENT OPERATION :

RAf{llment of the oblectives of this projact required an inastrument of known operatiocal char~
asteristies in vary~high radistion fislds, ard with en extremely large dynazie rangs. The former
sogqulrsmant toilcated that a aclulillation datoctor would e tast sulted; the latier lod %0 the
ehalca of e fand-back circult that kspt the photomultipliar-tuds ancds current substantlally
conatant and thus preventad fatigus cf the phatocathsde under nigh fluxe

The jrotoaltipliar dyrods voltags is dovelsped ecross thy cathoda presistsr of a catbods fol-
lower, whose fnpat eignal is dorived from the photozultiplisr wwda curwut (Mgure A.l). 4n
inereacs {n tle incidant )ioinouz Clux on the flotocatheds tenda Lo incrassd toe photowultipliere

]
$ [ ]
—_—
Figure Al Schomatle dle ran of 8 typlenl dotlactar systenm.
High=intenr ity masutsenia wra rode with a 1021 photo-
multipliar tubz whareas falloul raasumnnts wo rads with
a 58.0-tyra tube.
tuba anods curmab, Treressad mnoda current pmmnts & Srosilva alrnel o the gontpol tube, ine
caraning 9 Uomdancw o that tuby emd doweviny the s0ltey Agmied thy plalsmaltinid
dy=ita, Frleow thy orcliflzatian of Lt o grnda valtase, -
A9 d Cpiale volto )y will coars a4 w oewoditica 1
Jrr ensdy e ont Gavraeces thy dymode
L erouin ta daop Siworcude Cufeait &0 U
pry 1o of Dtorsiaekdeet 1iche fluxe tq tzlaa frea S cuiboda of the gonirol L)

Lute en] (2l LD A ™ g valiastar.
Tra teroz of anutscevrrant variation e-n be c<’'mulated for 3 givas conlrol tube asd foad-
back mesiistor. IF oho control tuls bas a geid beog of 5 volts (ehat la, tie tube cuts off at
| ®
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=5 volta), snd the feed-back resiator is 100 wagobza, the maximua valus of the wsods surrent | 5
is giver by:

I = EE{ - % 2 § x 107 umperas {0.05 ya)

Trus, Iln & typlcal ciroudt the photomltiplisr-tuls anpds. curreat cannot excead 0.05 pa, and
a%t this value of cwrent thire {3 mo Jangar of photocsticds. fatizve. Slnce this waz a 100-psrcent
fsad-back circult, it vas virtually intosendent of contrul~tule claractaristics end dspnodsd only
on tha photoxaltiplier-tube charwctaristic and 2he velus of the lred-back rosistors The resyonass
cwrve cf the iastruweat eclosaly followwd the photoxtdtiplier tube's Jula characteristic for vary-
ing dueds voltage.

Tra tube coxplemynt !neludad-a 1UL as contrul, & 1P21 photozultiplier In the low-sensitivity
{pigh~intonsity 2oastTexsnis) eyztea, and 8 5819 photozaltiplior for fallout svasuwrezants (bigh=
sunaltivity systasa)e  Althougd the ratsd plate-to-fllessut voltzys ol the W4 ves exsasdsd by &
fector off ton, no ALl lcultien vore expurianesd if filuzsntiy were allowwd to varm up tefore ap~
Plyleg o plete voltsgae A 45-volt tablesry applisd a constant voltsge tatwsen axode snd ninth
Grawia of tho photamlilplisy, clnce tho latter 18 most stadle whon cperated with a constint
voliasa bolioen thoes points,

}3 variailoa in izslivznal eberzetsristlies ~ouldd bo dotacted when tho coatrol tules were
replaceds Tio%3 wan trus eva whon tudes tom trizd with ¢ifferent cravuzteviasilcs {tush as the
124) tat oldlsr pla commctiiens, Tols zucstentiatos tra tleocry that in thls 100-psrcent fusd~
back efrcudt, the plotcmlipliur=tute chureatsristls Xy indapandent of ths corlrel-tube paraw~
etsrs. The dynmzld ran:s of the lostni~nt i apeooxizately 107 Wisn th extrem velus of
dyarelc rongs fa wot rogulised, i roesar zay s edjusted Lo opsrate ovar s portion of ithe
rarsa, thus providing a3 expaniad ssale owor the ragion of Intsrest. For sxanple, in some loca-
tions whore A dynaale rer.s of 10 wea suliiclent, tie recordsx was sdjusted Lo opvrate over thls
portion of ths instnuont!s oulgut. A moru-sscursts Fecording waw provided by making thsoe &d-
Justznnte.
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NOTICE: When government or other drawings, specl=-
fications or other data are used f2r any purpvose
other tkan in connection with a definitely relé}éd
government procurement operation, the U, S. . &'
Government thereby incurs no respcusibility,yngi any
obligation whatsoever; and tke fact that the Govermn-
ment may have formlated, turnished, or 1n any way
supplied the sald drawings, specirfications, or other
data is not to be rvgarded by implication or other-
wise as 1n any manner licensizg the kolder or any
other person or cirporation, or conveylng any rights
or permission to manufacture, use or g=1l any
patented invention that may in any wsy L related
thereto.

NOTICE:

THIS DOCUMENT CONTAINS INFORMATION
AFFECTING THE NATIONAL DEFENSE OF
THE UNITED STATES WITHIN THE MEAN-
ING OF THE ESPIONACE LAWS, TITLE 18,
U.S.C., SECTIONS 723 and T94%. THE
TRANSMISSION OR TIF REVELATION OF
ITS CONTENTS IN ANY MAXNER TO AN
UNAUTHOFIZED FZRSON IS PROFIZITED

BY LAW.

e o i, o A+ ——— i . e T T4

e o g e o S o o, T (S Ry

e . - ——— —



UNCLASSIFIED /UNLIMITED

PLEASE DO NOT RETURN
THIS DOCUMENT TO DTIC
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